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Description

TECHNICAL FIELD

[0001] The present embodiments relate generally to communication systems, and specifically to sending universal
serial bus (USB) protocol packets over a Wi-Fi channel.

BACKGROUND OF RELATED ART

[0002] Various interface standards for connecting computers, external peripherals, and networks are employed to
provide simple connectivity at high speeds. For example, the Universal Serial Bus (USB) is a high-speed serial bus
protocol commonly used to connect computers such as PCs and laptops to a wide variety of peripheral devices such
as mice, keyboards, printers, flash drives, speakers, and the like. More specifically, the USB protocol was developed to
offer users an enhanced and easy-to-use interface for connecting an incredibly diverse range of peripherals to their
computers in a plug-and-play manner.

[0003] More recently, wireless communication protocols have been developed to allow communication devices such
as PCs, laptops, tablets and smartphones to connect with other communication devices without physical wires or cables.
For example, the IEEE 802.11 standards define various Wi-Fi protocols that allow for wireless communication using RF
signals. For example, a Wi-Fi access point may provide a wireless local area network (WLAN) that allows one or more
client devices such as mobile stations (STAs) to communicate with each other and/or to connect to external wired
networks such as the Internet.

[0004] Thus, it would be desirable for a host device (e.g., a computer, laptop, tablet, smartphone) to exchange USB
data with a number of client devices (e.g., mice, keyboards, printers, flash drives, speakers) using an associated WLAN,
for example, to obviate the need for cabling between the host device and the client devices. Although Bluetooth®
technology may allow for wireless communications between the host device and the client devices, WLAN communica-
tions have a much greater range than Bluetooth communications.

[0005] US 7 734 758 B1 discloses a universal serial bus (USB) remote host control driver which includes a connection
to a local network, a network protocol stack and a memory for storing network addresses of USB device adapters and
USB devices on the network. A USB device adapter has one or more USB ports, a network connection, a network
address, and a network protocol stack. Together, the USB remote host control driver and the USB device adapter enable
interaction between a network computer and peripheral USB devices on the network.

[0006] US 2010/086093 A1 discloses a method and apparatus for regenerating a local clock within a wireless module
and synchronizing the local clock with a wireless host clock. For one embodiment, the wireless module generates a local
clock, counts the cycles of the clock during a common timing reference period maintained wirelessly between the wireless
module and the host, receives a count of the host clock during the same common timing reference period, and adjusts
the local clock signal based upon a comparison of the two counts. For one embodiment, the wireless module further
receives timing references from the host and, in addition, receives packets of audio samples from the host accompanied
by atimestamp, the timestamp based upon the host timing reference, and outputs the audio sample at the time designated
by the timestamp.

SUMMARY

[0007] This summary is provided to introduce in a simplified form a selection of concepts that are further described
below in the Detailed Description. This summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to limit the scope of the claimed subject matter.

[0008] A method of transmitting universal serial bus (USB) frames over a network is disclosed. A USB device receives
one or more USB frames from a host device via the network, wherein the one or more USB frames are encapsulated
in one or more data packets based on a communications protocol associated with the network. The USB device further
synchronizes a local clock signal with a clock signal of the host device using a clock synchronization mechanism of the
communications protocol. For example, the communications protocol may correspond to an IEEE 802.11 wireless pro-
tocol. Thus, the USB device may adjust its local clock signal based on a timing synchronization function (TSF) received
from the host device (e.g., in one or more beacon frames). The USB device then determines a number of USB frames
transmitted by the host device and processes the one or more USB frames based, at least in part, on the synchronized
local clock signal.

[0009] The USB device may include a data buffer to temporarily store the one or more USB frames received from the
host device. The USB device may further update a local frame counter based, in part, on a number of the USB frames
stored in the data buffer. Accordingly, the USB device may determine the number of USB frames transmitted by the
host device based on the local frame counter. The USB device may then begin processing the USB frames stored in
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the data buffer when the local frame counter reaches a first threshold.

[0010] For some embodiments, the USB device may receive a frame count value, from the host device, indicating a
number of USB frames transmitted by the host device. The USB device may also receive amedia time value, in association
with the frame count value, indicating a time at which the frame count value is recorded. For example, the frame count
value and the media time value may be received together, in at least one of the USB frames. The USB device may
further synchronize its local frame counter with a USB frame counter in the host device based, in part, on the local clock
signal, the frame count value, and the media time value.

[0011] For other embodiments, a computing device may encapsulate one or more USB frames in one or more data
packets based on a communications protocol associated with a network. The computing device may then transmit the
one or more data packets, including the encapsulated USB frames, to one or more devices via the network. The computing
device may further transmit a set of synchronization data to the one or more devices to enable each of the one or more
devices to process the one or more USB frames.

[0012] The synchronization data may include clock synchronization data which enables each of the one or more
devices to synchronize a respective local clock signal with a clock signal of the computing device. For example, the
communications protocol may correspond to an 802.11 wireless protocol. Accordingly, the computing device may broad-
cast the clock synchronization data with one or more beacon frames, wherein the clock synchronization data includes
a TSF value.

[0013] The synchronization data may further include a frame count value and a media time value associated with the
frame count value. For example, the computing device may update a USB frame counter based on a number of USB
frames transmitted to the one or more devices. The frame count value may indicate a current value of the USB frame
counter, while the media time value may indicate a time at which the frame count value is recorded. For some embod-
iments, the frame count value and the media time value may be encapsulated, together, in at least one of the one or
more USB frames.

[0014] For some embodiments, the computing device may further transmit a processing request to the one or more
devices. The processing request may include an instruction to begin processing the one or more USB frames. For
example, the processing request may include a frame count threshold. The one or more devices are to begin processing
the one or more USB frames when a number of USB frames transmitted by the computing device is equal to the frame
count threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present embodiments are illustrated by way of example and are not intended to be limited by the figures
of the accompanying drawings, where:

FIG. 1 is a block diagram of a network device in accordance with some embodiments.
FIG. 2 shows a wireless USB communications system in accordance with some embodiments.

FIG. 3 is an illustrative timing diagram that depicts potential problems with wirelessly synchronizing USB client
devices with a host device.

FIGS. 4A-4B are sequence diagrams depicting an exemplary wireless USB synchronization operation in accordance
with some embodiments.

FIG. 5 is an illustrative flow chart depicting an exemplary method of operating a USB client device in accordance
with some embodiments.

FIG. 6 is an illustrative flow chart depicting an exemplary method of operating a USB host device in accordance
with some embodiments.

FIG. 7 is an illustrative flow chart depicting a wireless USB synchronization operation in accordance with some
embodiments.

FIG. 8 is a block diagram of a USB-enabled client device in accordance with some embodiments.
FIG. 9 is a block diagram of a USB-enabled host device in accordance with some embodiments.

[0016] Like reference numerals refer to corresponding parts throughout the drawing figures.
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DETAILED DESCRIPTION

[0017] The present embodiments are described below in the context of exchanging USB data using WLAN commu-
nication protocols for simplicity only. It is to be understood that the present embodiments are equally applicable for
exchanging USB data over other suitable wireless standards. As used herein, the terms WLAN and Wi-Fi can include
communications governed by the IEEE 802.11 standards, Bluetooth, HiperLAN (a set of wireless standards, comparable
to the IEEE 802.11 standards, used primarily in Europe), and other technologies having relatively short radio propagation
range. As used herein, the term "host device" may be used herein to refer to any USB-enabled device capable of
transmitting USB data (e.g., via a wireless communications channel) to other USB-enabled devices. Further, the term
"client device" may be used herein to refer to any USB-enabled device capable of receiving USB data (e.g., via a wireless
communications channel) from a host device. It should be noted that, for some embodiments, a host device may also
be operable as a client device, and vice-versa.

[0018] In the following description, numerous specific details are set forth such as examples of specific components,
circuits, and processes to provide a thorough understanding of the present disclosure. The term "coupled" as used herein
means connected directly to or connected through one or more intervening components or circuits. Also, in the following
description and for purposes of explanation, specific nomenclature is set forth to provide a thorough understanding of
the present embodiments. However, it will be apparent to one skilled in the art that these specific details may not be
required to practice the present embodiments. In other instances, well-known circuits and devices are shown in block
diagram form to avoid obscuring the present disclosure. Any of the signals provided over various buses described herein
may be time-multiplexed with other signals and provided over one or more common buses. Additionally, the intercon-
nection between circuit elements or software blocks may be shown as buses or as single signal lines. Each of the buses
may alternatively be a single signal line, and each of the single signal lines may alternatively be buses, and a single line
or bus might represent any one or more of a myriad of physical or logical mechanisms for communication between
components. The present embodiments are not to be construed as limited to specific examples described herein but
rather to include within their scopes all embodiments defined by the appended claims.

[0019] As mentioned above, it would be desirable for a host device (e.g., a computer, laptop, tablet, smartphone, etc.)
to exchange USB data with one or more client devices (e.g., speakers, printers, keyboards, mice, etc.) over a corre-
sponding WLAN. At least one of the problems associated with exchanging USB data with one or more client devices
over the WLAN is synchronizing the clocks and/or counters in the client devices with the clocks and/or counters in the
host device without the presence of a wired connection. For example, the USB standards define communication protocols
over an associated USB cable, and typically rely upon the exchange of clock and counter information over the USB
cable to ensure that the clocks and/or counters in the client devices remain synchronized with the clocks and/or counters
in the host device. Thus, because WLAN communications do not use a wired connection (e.g., a USB cable), clock
synchronization techniques defined by the USB standards may not be available when attempting to transmit USB data
over a wireless channel associated with a WLAN.

[0020] For the disclosure herein, reference may be made to the Open System Interconnection (OSI) model, which
includes 7 logical layers: layer 1 is the physical layer, layer 2 is the data link layer, layer 3 is the network layer, layer 4
is the transport layer, layer 5 is the session layer, layer 6 is the presentation layer, and layer 7 is the application layer.
The higher in hierarchy an OSlI layer is, the closer it is to an end user; the lower in hierarchy an OSlI layer is, the closer
it is to a physical channel. For example, at the top of the OSI model hierarchy is the application layer, which interacts
directly with the end user’s software application. At the bottom of the OSI model hierarchy is the physical layer, which
defines the relationship between a network device and a physical communication medium.

[0021] The physical layer provides electrical and physical specifications for the physical medium, and includes trans-
ceivers that may modulate/de-modulate data to be transmitted/received over the medium. The data link layer provides
the functional and/or procedural details, such as addressing and channel access control mechanisms, for data trans-
missions between devices. The data link layer includes two sub-layers: the logical link control (LLC) layer and the media
access control (MAC) layer.

[0022] Aninterface exists between the MAC layer and the PHY layer to facilitate the exchange of information between
the two layers. This interface is referred to as a media independent interface (MIl) because the MAC layer is agnostic
as to the physical medium used for data transmission (and thus agnostic as to the particular PHY device employed). In
this manner, the MIl allows a given MAC device to be used with a wide variety of PHY devices. The term MIl may also
refers to a specific type of media independent interface, in addition to referring to the entire genus. As used herein, the
terms "media access interface" and "MII" will refer to the entire genus of such interfaces, unless otherwise noted.
Examples of Mlls include Attachment Unit Interface (AUI), Mll, Reduced MIl, Gigabit MIl (GMII), Reduced GMII, Serial
GMII (SGMII), Quad SGMII (QSGMII), 10GMII, and Source Synchronous Serial MIl (S3MII).

[0023] FIG. 1 is a block diagram of a network device 100 in accordance with some embodiments. Specifically, the
network device 100 may be capable of communicating with another device (not shown for simplicity) via a medium M1
(e.g., a wireless channel). Network device 100 includes a processor 110, a memory 120, a PHY device 130, and a MAC
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device 140. PHY device 130 includes a transceiver 135 that is coupled to the wireless medium M1. Although transceiver
135isillustratedin FIG. 1 as being included in PHY device 130, transceiver 135 may be a stand-alone device or integrated
circuit. Memory 120 may be any suitable memory element or device including, for example, EEPROM or Flash memory.
Processor 110 may be any suitable processor capable of executing scripts or instructions of one or more software
programs stored, for example, in memory 120.

[0024] PHY device 130 and MAC device 140 each include a media independent interface (MIl) 150-1 and 150-2,
respectively, for transmitting signals between the two devices via a set of signal paths 160. For some embodiments, Ml
150-1 may include first and second PHY-side differential transistor pairs (not shown for simplicity) for transmitting and
receiving datato and from, respectively, MAC device 140, and MIl 150-2 may include first and second MAC-side differential
transistor pairs (not shown for simplicity) for transmitting and receiving data to and from, respectively, PHY device 130.
Thus, MIl 150-1 may be referred to herein as a PHY-side MIl, and MIl 150-2 may be referred to herein as a MAC-side MiIl.
[0025] MAC device 140 may be any device or integrated circuit that implements the functions of an OSI MAC sub-
layer, and may be a stand-alone device or may be integrated into network device 100. Similarly, PHY device 130 may
be any device or integrated circuit that implements the functions of the OSI physical layer, and may be a stand-alone
device or may be integrated into network device 100.

[0026] During data transmission operations, when an end-user software application on network device 100 transmits
data to another device via medium M1, processor 110 processes the data in accordance with the top layers of the OSI
model and then transmits the data through MAC device 140 to PHY device 130. Then, PHY device 130 transmits the
data via transceiver 135 onto medium M1.

[0027] FIG. 2 shows a communications system 200 in accordance with some embodiments. System 200 is shown to
include a host device 210 and three client devices 220(1)-220(3) that may communicate with each other using a com-
munications channel 230. For some embodiments, the communications channel 230 may be a wireless (e.g., WLAN or
Wi-Fi) channel that facilitates communications according to the IEEE 802.11 standards, although other suitable wireless
communication protocols may be used. For other embodiments, the communications channel 230 may be a wired link
(e.g., a 10GBASE-T Ethernet channel). Further, although three client devices 220(1)-220(3) are shown in FIG. 2 for
simplicity, system 200 may include any number of client devices 220 connected to the host device 210 via the commu-
nications channel 230.

[0028] The host device 210, which may be a computer, laptop, tablet, smartphone, or other suitable computing or
communication device, includes a processor 211, a USB controller 212, a protocol adaption layer (PAL) station man-
agement entity (SME) 213, and a WLAN interface 214. The processor 211 is coupled to USB controller 212, and may
control operations of the USB controller 212 and/or other components of host device 210. The USB controller 212 may
be any suitable USB controller capable of facilitating USB communications between processor 211 and PAL SME 213.
For at least some embodiments, USB controller 212 may include or be associated with a physical coding sub-layer
(PCS) circuit (not shown for simplicity) to provide encoding functions for USB communications. The PAL SME 213, which
may operate according to protocols defined by the Wi-Fi Gigabit Alliance (WGA), may enable the exchange of USB data
between host device 210 and the client devices 220(1)-220(3) over wireless channel 230. The WLAN interface 214,
which is coupled to the PAL SME 213, may include transceivers to transmit and receive data to and from client devices
220(1)-220(3) over wireless channel 230.

[0029] The client device 220 may be any suitable USB peripheral device (e.g., a speaker, a printer, keyboard, mouse,
etc.). Although not shown in FIG. 2 for simplicity, each of the client devices 220(1)-220(3) may include a processor, a
USB controller, a PAL SME, and a WLAN interface to facilitate wireless exchange of USB data over wireless channel 230.
[0030] Forthe hostdevice 210 to cause the client devices 220(1)-220(3) to render isochronous USB data at the correct
instant in time (e.g., concurrently with one another), the USB frame counter in the host USB controller 212 should be
synchronized with the USB frame counters in the client devices 220(1)-220(3). For example, if the USB data contains
audio information to be played back by the client devices (e.g., acting as speakers), it may be desirable to enable playback
of the audio information from a plurality of the devices 220(1)-220(3), concurrently. Accordingly, it may be desirable to
synchronize the client devices 220(1)-220(3) with the host device 210 and/or with each other.

[0031] Forsome embodiments, the communications between the host device 210 and the client devices 220(1)-220(3)
may be bidirectional. For example, each of the client devices 220(1)-220(3) may act as a host device, and the host
device 210 may act as a client device, in certain instances. More specifically, the host device 210 and the client devices
220(1)-220(3) may be substantially similar computing devices that are capable of both transmitting and receiving USB
frames via a wireless communications channel (e.g., wireless channel 230).

[0032] FIG. 3 is an illustrative timing diagram 300 that depicts potential problems with synchronizing client devices
220(1)-220(3) with host device 210. Referring also to FIG. 2, when the USB controller 212 receives data from the
processor 211, the USB controller 212 may attach a timestamp (Tp) to the data and encapsulate the data into a packet
for subsequent transmission to client devices 220(1)-220(3). However, there may be a transmission delay (Td) between
the MAC and PHY layers (e.g., between USB controller 212 and WLAN interface 214) of host device 210. This transmission
delay, which may not be constant for different data packets, may cause timing errors associated with one or more of
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client devices 220(1)-220(3) receiving, processing, and/or displaying data packets transmitted from host device 210.
[0033] One solution to this timing problem may involve parsing the data packet in the host device 210, extracting the
original timestamp (Tp), calculating the transmission delay (Td), and then updating the original timestamp to reflect the
transmission delay. This process, which may involve deep packet inspection (DPI) operations within the host device
210, consumes valuable processing resources, and may be time consuming. Further, many existing host devices may
not include circuitry or software modules capable of performing DPI operations on USB data packets/frames received
from the USB controller 212.

[0034] For some embodiments, the host device 210 and/or client devices 220(1)-220(3) may utilize WLAN operations
defined by the IEEE 802.11 standards to synchronize the client devices 220(1)-220(3) with the host device 210. More
specifically, the host device 210 may employ techniques embodied by the IEEE 802.11 standards to ensure that the
counters and/or clocks of the client devices 220(1)-220(3) are synchronized (and remain synchronized) with respective
counters and/or clocks of the host device 210. For example, FIGS. 4A-4B are sequence diagrams depicting an exemplary
wireless USB synchronization operation in accordance with some embodiments.

[0035] With reference, for example, to FIG. 4A, the host device 210 generates an internal clock signal (Clky) that may
be used to time a transmission (and/or reception) of data to (and/or from) the client devices 220(1)-220(3). Similarly,
each of the client devices 220(1)-220(3) may generate a corresponding local clock signal (Clk4-Clk3) that may be used
to time a reception (and/or transmission) of data from (and/or to) the host device 210. For some embodiments, the host
device 210 may transmit clock synchronization (Clk_Sync) data to each of the client devices 220(1)-220(3) for purposes
of synchronizing the local clock signals Clk4-Clky with the host clock signal Clk,,. Each of the client devices 220(1)-220(3)
may then use the Clk_Sync data to align its local clock with the host clock Clky (e.g., by applying respective timing
offsets to the local clocks Clk-Clk3).

[0036] For some embodiments, the clock synchronization operation may be performed using one or more clock syn-
chronization mechanisms or techniques that are already provided by a communications protocol associated with the
communications channel 230. For example, the host clock signal Clk,, and local clock signals Clk,-Clky may be generated
based on a timing synchronization function (TSF) defined by the IEEE 802.11 wireless protocols. Alternatively, and/or
in addition, the host clock signal Clky may be synchronized with the local clock signals Clk4-Clks using other clock
synchronization techniques (e.g., such as those defined by the 802.1AS, 802.11 v, and/or 802.11 mc standards), de-
pending on the level of accuracy desired for a particular application.

[0037] A TSF timer may be a modulus 284 counter that increments (e.g., "ticks") in micro-seconds, and thus has a
maximum count value of 264 = 102,400 micro-seconds (although other suitable timers, clocks, and/or counters may be
used). For some embodiments, the host device 210 may broadcast its TSF timer value to the client devices 220(1)-
220(3) in one or more beacon frames. Upon receiving a beacon frame, each of the client devices 220(1)-220(3) may
set its own local TSF timer to the received TSF timer value. This ensures that the local TSF timers of the client devices
220(1)-220(3) (e.g., Clk4-Clks) are synchronized with a TSF timer of the host device 210 (e.g., Clky).

[0038] For some embodiments, the Clk_Sync data may be broadcast and/or transmitted periodically to maintain clock
synchronization between the host device 210 and the client devices 220(1)-220(3). For example, where the communi-
cations channel 230 is a Wi-Fi channel, the 802.11 specification defines a clock synchronization mechanism wherein
the host device 210 periodically broadcasts beacon frames to the client devices 220(1)-220(3). Accordingly, the client
devices 220(1)-220(3) and the host device 210 may establish a series of target beacon transmission times (TBTT) that
are spaced apart by a beacon interval (e.g., provided within the beacon frame). The client devices 220(1)-220(3) may
then resynchronize their local TSF timers with the TSF timer of the host device 210 each time a new beacon frame is
received.

[0039] Once the local clock signals Clk4-Clks are synchronized with the host clock signal Clky, the host device 210
may then begin transmitting encapsulated USB frames to the client devices 220(1)-220(3) via the communications
channel 230. For example, the USB frames may correspond to USB data that would otherwise be transmitted to one or
more of the client devices 220(1)-220(2) via a USB cable. Instead, for some embodiments, the USB frames may be
encapsulated in (e.g., written to and/or carried by) one or more data packets, based on a wireless communications
protocol, to be transmitted via the communications channel 230. The client devices 220(1)-220(3) may decapsulate the
received data packets to recover the original USB frames. For some embodiments, each of the client devices 220(1)-
220(3) may update a local frame counter (e.g., Cnt4-Cnts) for each USB frame received from the host device 210.
[0040] With reference, for example, to FIG. 4B, the host device 210 may transmit information identifying a frame count
value (F_Count) and a media time (M_Time) associated with the count value to the client devices 220(1)-220(3) to
synchronize a frame counter Cnt,, of the host device 210 with the local frame counters Cnt,-Cnt; of the client devices
220(1)-220(3), respectively. The frame counter Cnt, may indicate a number of USB frames transmitted by the host
device 210. For example, the host device 210 may update the frame counter Cnty for each USB frame transmitted to
the client devices 220(1)-220(3).

[0041] The F_Count value may indicate the total number of USB frames transmitted by the host device 210 (e.g.,
based on the host frame counter Cnty) at any given time. More specifically, the M_Time value may specify the particular
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time (e.g., based on the host clock signal Clky) at which the F_Count value was determined and/or embedded within
an outgoing data packet and/or USB frame. For some embodiments, the M_Time value may correspond to a transmit
timestamp (e.g., as defined by the 802.11 specification) thatis embedded within each data packet and/or frame transmitted
by the host device 210. For some embodiments, the F_Count and M_Time values may be encoded at substantially the
same time and thus "mated" to one another. For example, the F_Count and M_Time values may be encapsulated in
one or more USB frames and provided with other encapsulated USB data. Alternatively, the F_Countand M_Time values
may be transmitted separately from the USB data (e.g., as part of an independent management frame).

[0042] Each of the local frame counters Cnt4-Cnt; may be synchronized with the host frame counter Cnty based on
the F_Count value, the M_Time value, and a corresponding local clock signal Clk,-Clks, respectively. For example, a
frame count synchronization operation may be performed for any client device 220 based on the following equation:

Cnt, = F_Count + (Clk, — M_Time) * (M) (1)

Clock Cycle

Thus, after synchronizing each of the local clock signals Clk4-Clks with the host clock signal Clky (e.g., as described
above with respect to FIG. 4A), the amount of time elapsed between the encoding of the F_Count value by the host
device 210 and its reception by one of the client devices 220(1)-220(3) may be determined by taking the time at which
the F_Count value is received (e.g., based on the local clock signals Clk4-Clks) and subtracting the M_Time value. The
number of additional USB frames that are likely to have been transmitted by the host device 210 during this elapsed
time may be determined by multiplying the elapsed time by the transmission rate of the host device 210 (e.g., the total
number of USB frames that can be transmitted per clock cycle). The result can then be added to the F_Count value to
determine the current count value of the host counter Cnt,.

[0043] The client devices 220(1)-220(3) may then update their respective local counters Cnt{-Cnt; based on subse-
quently received USB frames. It should be noted, however, that the rate at which individual client devices 220(1)-220(3)
receive USB frames may vary. For example, due to delays in the transmission of data by the host device 210, propagation
delays along the communications channel 230, and/or multipath conditions, each of the client devices 220(1)-220(3)
may receive USB frames at different times. Thus, at any given time, the number of USB frames buffered by one of the
client devices 220(1)-220(3) may be different than the number of USB frames buffered by another client device. For
example, at a particular time T, the host counter Cnty may have a count value of N, local counter Cnt1 may store a count
value of N, local counter Cnt, may store a count value of N-1, and local counter Cnt; may store a count value of N-2.
For some embodiments, the host device 210 may periodically transmit new F_Count and M_Time values to the client
devices 220(1)-220(3) in order to maintain synchronization between the host counter Cnt,, and each of the local counters
Cnt,4-Cnts. This allows each of the local frame counters Cnt;-Cnt; to maintain a count of the total number of frames
transmitted by the host device 210, and not just the number of USB frames received and/or buffered by a respective
one of the client devices 220(1)-220(3).

[0044] For some embodiments, the host device 210 may transmit a processing request message to one or more of
the client device 220(1)-220(3) with instructions to begin processing and/or rendering received USB frames based on
a particular frame count. For example, each of the client devices 220(1)-220(3) may include an internal storage element
that buffers USB frames received from the host device 210. The client devices 220(1)-220(3) may continue buffering
USB frames until they are instructed by the host device 210 to begin processing or rendering the buffered USB frames.
For some embodiments, the processing request message may instruct the client devices 220(1)-220(3) to begin process-
ing the USB frames after a local frame counter reaches a particular frame count threshold. However, as described above,
the local frame counters Cnt;-Cnt; may drift with respect to the host counter Cnt,. It may nonetheless be desirable for
each of the client devices 220(1)-220(3) to begin processing or rendering stored USB frames at substantially the same
time (e.g., as in the case where each of the client devices 220(1)-220(3) is a speaker configured to playback the same
audio signal). Thus, synchronizing each of the local frame counters Cnt4-Cnt; with the host counter Cnty may enable
multiple client devices 220(1)-220(3) to begin processing USB concurrently.

[0045] By leveraging existing clock protocols provided for the communication channel 230, the system 200 may effi-
ciently and accurately maintain a synchronized USB frame count between the host device 210 and the client devices
220(1)-220(3) without requiring deep packet inspection. Moreover, in accordance with the present embodiments, each
of the client devices 220(1)-220(3) may determine the current frame count of the host device 210, using the F_Count
and M_Time values, even if the client devices 220(1)-220(3) receive such values at different times.

[0046] FIG. 5 is an illustrative flow chart depicting an exemplary method 500 of operating a USB client device in
accordance with some embodiments. For example, the method 500 may be implemented by any of the client devices
220 described above, with respect to FIGS. 2 and 4A-4B. Specifically, a client device 220 may receive one or more USB
frames from host device 210 via a network (501). For some embodiments, the one or more USB frames may be encap-
sulated in one or more data packets based on a communications protocol associated with the network. The client device
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220 may decapsulate the received data packets to recover the one or more USB frames. Further, for some embodiments,
the client device 220 may store the received USB frames in a data buffer.

[0047] The client device 220 further synchronizes its local clock signal with a clock signal of the host device (502).
Specifically, the client device 220 may synchronize its local clock signal with the host clock signal based on a clock
synchronization mechanism of the communications protocol. For example, the host device 210 may periodically transmit
or broadcast clock synchronization (Clk_Sync) data which may be used by the client device 220 to adjust its local clock
signal. In an 802.11 wireless network, the clock synchronization data may correspond to a TSF value broadcast by the
host device 210 in one or more beacon frames. The client device 220 may then adjust its own TSF value (if necessary)
to match the TSF value of the host device 210 (e.g., as described above with respect to FIG. 4A).

[0048] The client device 220 then determines a number of USB frames transmitted by the host device 210 (503).
Specifically, the client device 220 may determine the number of USB frames transmitted by the host device 210 based
on the synchronized local clock signal. For example, the client device 220 may update a local frame counter for each
USB frame received from the host device 210. However, as described above, the number of USB frames received by
the client device 220 may not always match the number of USB frames transmitted by the host device 210 (e.g., due to
drift and/or dropped data packets). Thus, for some embodiments, the local frame counter may track a USB frame counter
in the host device 210 based on synchronization data transmitted by the host device 210. The synchronization data may
include, for example, a frame count (F_Count) value and a media time (M_Time) value. More specifically, the F_Count
value may indicate the number of USB frames transmitted by the host device 210 at a time specified by the M_Time
value. The client device 220 may then use the synchronized local clock signal to determine the number of additional
USB frames transmitted since the time indicated by the M_Time value (e.g., as described above, with respect to FIG.
4B). For some embodiments, the client device 220 may periodically resynchronize its local frame counter with that of
the host device 210.

[0049] Finally, the client device 220 may process the received USB frames based on the number of USB frames
transmitted by the host device 210 (504). For example, the host device 210 may instruct the client device 220 to begin
processing and/or rendering the received USB frames once the local frame counter reaches a particular frame count
threshold. Because the local frame counter may be synchronized with the host frame counter, the client device 220 may
begin processing USB frames at any time indicated by the host device 210. This may allow multiple client devices 220
to begin processing USB frames at substantially the same time, regardless of the number of USB frames actually received
by each client device 220 at that time.

[0050] FIG. 6 is an illustrative flow chart depicting an exemplary method 600 of operating a USB host device in
accordance with some embodiments. For example, the method 600 may be implemented by the host device 210 described
above, with respect to FIGS. 2 and 4A-4B. Specifically, a host device 210 on a network may encapsulate USB frames
in data packets based on a communications protocol associated with the network (601). As described above, the USB
frames may correspond to USB data that would otherwise be transmitted to one or more client devices 220 via a USB
cable. The host device 210 may encapsulate the USB frames, for example, by embedding corresponding USB data
within one or more data packets to be transmitted via a particular type of communications channel.

[0051] The host device 210 may then transmit the data packets, including the encapsulated USB frames, to one or
more client devices 220 via the network (602). For example, the network may correspond to a Wi-Fi network defined by
an IEEE 802.11 standard. Accordingly, the host device 210 may transmit the data packets to one or more client devices
220 based on one or more 802.11 wireless protocols. For some embodiments, the host device 210 may transmit the
data packets to multiple client devices 220, concurrently. Further, for some embodiments, the host device 210 may
include a USB frame counter to keep track of the number of USB frames transmitted to the one or more client devices
220. For example, the host device 210 may update its USB frame counter for each USB frame transmitted.

[0052] The host device 210 may further transmit a set of synchronization data to the one or more client devices 220
to enable each client device 220 to process the USB frames (603). The synchronization data may include, for example,
clock synchronization (Clk_Sync) data, a frame count (F_Count) value, and/or a media time (M_Time) value. More
specifically, the Clk_Sync data may be used to synchronize a clock signal of the host device 210 with a local clock signal
of the one or more client devices 220 (e.g., as described above, with respect to FIG. 4A). For some embodiments, the
Clk_Sync data may be provided by a clock synchronization mechanism associated with the wireless communications
protocol. The F_Count and M_Time values may be used to synchronize the USB frame counter of the host device 210
with a local frame counter of the one or more client devices 220 (e.g., as described above, with respect to FIG. 4B).As
described above, the F_Count value may indicate the number of USB frames transmitted by the host device 210 at a
time specified by the M_Time value. For some embodiments, the host device 210 may periodically transmit updated
synchronization data to maintain synchronization with each of the one or more client devices 220.

[0053] FIG. 7 is an illustrative flow chart depicting a wireless USB synchronization operation 700 in accordance with
some embodiments. With reference, forexample, to FIGS. 4A-4B, the host device 210 first transmits clock synchronization
data to a client device (e.g., client device 220(1)) via the wireless communications channel 230 (701). For some em-
bodiments, the clock synchronization data may correspond to a TSF timer value provided within a beacon frame. The
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client device 220(1) receives the clock synchronization data via the wireless communications channel 230 (702), and
synchronizesits local clock signal Clk4 with the host clock signal Clky using a clock synchronization mechanism associated
with the communications channel 230 (704). For example, the client device 220(1) may use the host device’s TSF timer
value to synchronize its local clock signal Clk, (e.g., as described above with respect to FIG. 4A).

[0054] The host device 210 encapsulates USB frames for transmission via the wireless communications channel 230
(703). For example, with reference to FIG. 2, the PAL SME 213 may encapsulate USB frames (e.g., received via the
USB controller 212) in accordance with a Wi-Fi protocol, to be transmitted via a Wi-Fi channel. For some embodiments,
the encapsulation may be performed according to WGA protocols. The host device 210 embeds the current frame count
and media time values in the encapsulated USB frame (705). For example, the F_Count value may be recorded from
the host frame counter Cnty, and the corresponding M_Time value may be recorded from the host clock signal Clkp.
For some embodiments, the F_Count and M_Time values are mated together and recorded at substantially the same
time. Finally, the host device 210 transmits the encapsulated USB frames to the client device 220(1) via the wireless
communications channel 230 (707).

[0055] The client device 220(1) receives the encapsulated USB frames via the wireless communications channel
(706), and parses the F_Count and M_Time values provided therewith (708). For some embodiments, the client device
220(1) may parse the F_Count and M_Time values from a received data packet without decapsulating the USB data.
The client device 220(1) then synchronizes its local frame counter Cnt; with the host frame counter Cnt,, based on the
received F_Count and M_Time values and the synchronized local clock signal Clk; (710). For example, the client device
220(1) may update its local frame counter Cnt, based on Equation 1 (e.g., as described above with respect to FIG. 4B).
[0056] For some embodiments, the host device 210 may subsequently issue an instruction to process and/or render
USB frames beginning at a particular frame count (709). For example, the frame count, as specified by the host device
210, may correspond with a count value of the host frame counter Cnty. Upon receiving such instruction, the client
device 220(1) may proceed to process and/or render buffered USB frames based on its local frame counter Cnt, (712).
Specifically, because the local frame counter Cnt, is synchronized with the host frame counter Cnty the client device
220(1) may begin processing its buffered USB data at the desired time, regardless of the number of USB frames actually
received and/or buffered by the client device 220(1).

[0057] For simplicity, the foregoing synchronization operation 700 has been described with respect to the client device
220(1), for simplicity only. However, the operation 700 may be performed in a substantially similar manner between the
host device 210 and any of the client devices 220(1)-220(3). Further, the synchronization operation 700 may ensure
that USB data packets transmitted to multiple client devices 220(1)-220(3) via the wireless channel 230 are played and/or
rendered (e.g., output from speakers associated with client devices 220(1)-220(3)) at the correct times (e.g., synchro-
nously).

[0058] FIG. 8 is a block diagram of a USB-enabled client device 800 in accordance with some embodiments. The
client device 800 includes a wireless interface 810, a USB interface 820, a processor 830, and a memory 840. The
wireless interface 810 is coupled to the processor 830 and may be used to receive and/or transmit data signals via a
wireless communications channel. For example, the wireless communications channel may correspond to an IEEE
802.11 wireless channel. The USB interface 820 is also coupled to the processor 830, and may be used to communicate
USB data to and/or from the client device 800 (e.g., via a USB cable). For some embodiments, the wireless interface
810 may receive USB frames, encapsulated in data packets, which would otherwise be received via the USB interface 820.
[0059] Memory 840 may include a data store 842 that may be used to buffer USB frames to be processed and/or
played back by the device 800. For example, USB frames received via the wireless interface 810 may be stored in the
data store 842. Furthermore, memory 840 may also include a non-transitory computer-readable storage medium (e.g.,
one or more nonvolatile memory elements, such as EPROM, EEPROM, Flash memory, a hard drive, etc.) that can store
the following software modules:

e aclock synchronization module 844 to synchronize a local clock signal with a clock signal of a host device;

* aframe synchronization module 846 to synchronize a local frame counter with a USB frame counter of a host device;
and

* a USB processing module 848 to process received USB frames based on a frame count value of the local frame
counter.

Each software module may include instructions that, when executed by the processor 830, may cause the device 800
to perform the corresponding function. Thus, the non-transitory computer-readable storage medium of memory 840 may
include instructions for performing all or a portion of the operations described with respect to FIGS. 5 and 7.

[0060] The processor 830, which is coupled to the memory 840, may be any suitable processor capable of executing
scripts of instructions of one or more software programs stored in the client device 800 (e.g., within memory 840). For
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example, the processor 830 may execute the clock synchronization module 844, the frame synchronization module 846,
and/or the USB processing module 848.

[0061] The clock synchronization module 844 may be executed by the processor 830 to synchronize a local clock
signal with a clock signal of a host device. For example, the clientdevice 800 may receive clock synchronization (Clk_Sync)
data from a host device via the wireless interface 810. For some embodiments, the Clk_Sync data may correspond to
a TSF value that is periodically broadcast by the host device (e.g., in beacon frames). The clock synchronization module
844, as executed by the processor 830, may synchronize its local clock signal with a host clock signal by setting its own
local TSF timer to the received TSF value (e.g., as described above with respect to FIG. 4A).

[0062] The frame synchronization module 846 may be executed by the processor 830 to synchronize a local frame
counter with a USB frame counter of a host device. For example, the client device 800 may further receive a frame count
(F_Count) value and a media time (M_Time) value from the host device via the wireless interface 810. As described
above, the F_Count value may indicate a number of USB frames transmitted by the host device at a particular time
indicated by the M_Time value. The frame synchronization module 846, as executed by the processor 830, may syn-
chronize its local frame counter with the host frame counter based on the F_Count and M_Time values, the local clock
signal, and the transmission rate of the host device (e.g., as described above with respect to FIG. 4B). For some
embodiments, the processor 830, in executing the frame synchronization module 846, may continuously update (e.g.,
increment) the local frame counter for reach USB frame received form the host device.

[0063] The USB processing module 848 may be executed by the processor 830 to process the received USB frames
based on a frame count value of the local frame counter. For example, the USB processing module 848, as executed
by the processor 830, may begin processing USB frames stored in the data store 842 once the local frame counter
reaches a particular frame count threshold. For some embodiments, the frame count threshold may be specified by the
host device (e.g., by transmitting a processing request message to the client device 800). Because the local frame
counter may be synchronized with the host frame counter, the processor 830, in executing the USB processing module
848, may begin processing USB frames at any time indicated by the host device.

[0064] FIG. 9is a block diagram of a USB-enabled host device 900 in accordance with some embodiments. The host
device 900 includes a wireless interface 910, a processor 920, and a memory 930. The wireless interface 910 is coupled
to the processor 920 and may be used to transmit and/or receive data signals via a wireless communications channel.
For example, the wireless communications channel may correspond to an IEEE 802.11 wireless channel. For some
embodiments, the wireless interface 910 may wirelessly transmit USB frames encapsulated in data packets.

[0065] Memory 930 may include a data store 932 that may be used to buffer USB frames to be encapsulated and
transmitted to one or more clientdevices. Furthermore, memory 930 may also include a non-transitory computer-readable
storage medium (e.g., one or more nonvolatile memory elements, such as EPROM, EEPROM, Flash memory, a hard
drive, etc.) that can store the following software modules:

* aclock synchronization module 934 to synchronize a host clock signal with a local clock signal of a client device;

* a frame synchronization module 936 to synchronize a host frame counter with a local frame counter of the client
device; and

¢ aUSB encapsulation module 938 to encode USB frames into data packets for transmission via the wireless interface
910.

Each software module may include instructions that, when executed by the processor 920, may cause the device 900
to perform the corresponding function. Thus, the non-transitory computer-readable storage medium of memory 930 may
include instructions for performing all or a portion of the operations described with respect to FIGS. 6 and 7.

[0066] The processor 920, which is coupled to the memory 930, may be any suitable processor capable of executing
scripts of instructions of one or more software programs stored in the host device 900 (e.g., within memory 930). For
example, the processor 920 may execute the clock synchronization module 934, the frame synchronization module 936,
and/or the USB processing module 938.

[0067] The clock synchronization module 934 may be executed by the processor 920 to synchronize a host clock
signal with a local clock signal of a client device. For example, the clock synchronization module 934, as executed by
the processor 920, may generate clock synchronization (Clk_Sync) data to be transmitted to one or more client devices
via the wireless interface 910. For some embodiments, the Clk_Sync data may correspond to a TSF value based on a
TSF timer of the host device 900 (e.g., defined by an IEEE 802.11 specification). Each of the one or more client devices
may then synchronize its local clock signal with the host clock signal using the Clk_Sync data (e.g., as described above
with respect to FIG. 4A). For some embodiments, the processor 920, in executing the clock synchronization module
934, may periodically broadcast the Clock_Sync data (e.g., within beacon frames) to multiple client devices, concurrently.
[0068] The frame synchronization module 936 may be executed by the processor 920 to synchronize a host frame

10



10

15

20

25

30

35

40

45

50

55

EP 2 997 485 B1

counter with a local frame counter of the client device. For example, the frame synchronization module 936, as executed
by the processor 920, may generate a frame count (F_Count) value and a media time (M_Time) value to be transmitted
to the one or more client devices via the wireless interface 910. For some embodiments, the F_Count value may
correspond to the count value of the host frame counter at a particular time indicated by the M_Time value. Each of the
one or more client devices may then synchronize its local frame counter with the host frame counter based on the
F_Count and M_Time values, the local clock signal, and the transmission rate of the host device (e.g., as described
above with respect to FIG. 4B). For some embodiments, the processor 920, in executing the frame synchronization
module 936, may continuously update (e.g., increment) the host frame counter for each USB frame transmitted to the
one or more client devices.

[0069] The USB processing module 938 may be executed by the processor 920 to encode USB frames into data
packets for transmission via the wireless interface 910. For example, the USB processing module 938, as executed by
the processor 920, may encapsulate the USB frames by writing corresponding USB data to one or more data packets
to be transmitted wirelessly. For some embodiments, the encapsulation may be performed according to WGA protocols.
Further, for some embodiments, the processor 920, in executing the USB processing module 938, may generate a
processing request message to be transmitted, along with the USB frames, to the one or more clientdevices. As described
above, the processing request message may include instructions for processing the corresponding USB frames (e.g.,
based on a particular USB frame count).

[0070] It should be noted that, for some embodiments, the client device 800 may perform one or more functions of
the host device 900, and vice-versa. For example, the client device 800 may include one or more software modules
(e.g., 934-938) of the host device 900. Similarly, the host device 900 may include one or more software modules (e.g.,
844-848) of the client device 800.

[0071] In the foregoing specification, the present embodiments have been described with reference to specific exem-
plary embodiments thereof. It will, however, be evident that various modifications and changes may be made thereto
without departing from the broader scope of the disclosure as set forth in the appended claims. The specification and
drawings are, accordingly, to be regarded in anillustrative sense rather than a restrictive sense. For example, the method
steps depicted in the flow charts of FIGS. 5-7 may be performed in other suitable orders, multiple steps may be combined
into a single step, and/or some steps may be omitted.

Claims
1. A method (500) of operating a universal serial bus, USB, device on a network, the method comprising:
receiving (501) one or more USB frames from a host device (210) via the network, wherein the one or more
USB frames are encapsulated in one or more data packets based on a communications protocol associated
with network; characterised by synchronizing (502) a local clock signal of the USB device with a clock signal
of the host device using a clock synchronization mechanism of the communications protocol;
determining (503) a number of USB frames transmitted by the host device based, at least in part, on the
synchronized local clock signal; and
processing (504) the one or more USB frames based, at least in part, on the number of USB frames transmitted
by the host device.
2. The method of claim 1, wherein the communications protocol corresponds to an IEEE 802.11 wireless protocol.
3. The method of claim 1, wherein synchronizing the local clock signal comprises:
receiving one or more beacon frames from the host device, wherein at least one of the beacon frames includes
a timing synchronization function, TSF, value; and
adjusting the local clock signal based on the received TSF value.
4. The method of claim 1, further comprising:
storing the one or more USB frames in a data buffer.

5. The method of claim 4, wherein determining the number of USB frames transmitted by the host device comprises:

updating alocal frame counter based, atleastin part, on a number of the USB frames stored in the data buffer; and
determining the number of USB frames transmitted by the host device based on the local frame counter.
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The method of claim 5, further comprising:

receiving a frame count value from the host device, wherein the frame count value indicates the number of USB
frames transmitted by the host device; and

receiving a media time value from the host device, wherein the media time value indicates a time at which the
frame count value is recorded.

The method of claim 6, wherein the frame count value and the media time value are received together in at least
one of the USB frames.

The method of claim 6, wherein determining the number of USB frames transmitted by the host device further
comprises:

synchronizing the local frame counter with a USB frame counter in the host device based, at least in part, on
the local clock signal, the frame count value, and the media time value.

The method of claim 8, wherein processing the one or more USB frames comprises:
processing the one or more USB frames when the local frame counter reaches a first threshold.
A method (600) of operating a computing device on a network, the method comprising:

encapsulating (601) one or more universal serial bus, USB, frames in one or more data packets based on a
communications protocol associated with the network;

transmitting (602) the one or more data packets, including the one or more encapsulated USB frames, to one
or more client devices (220) via the network; and

transmitting (603) a set of synchronization data, to the one or more client devices, that allows the one or more
client devices to process the one or more USB frames, wherein the set of synchronization data includes clock
synchronization data that allows the one or more client devices to synchronize respective local clock signals
with a clock signal of the computing device.

The method of claim 10, wherein transmitting the clock synchronization data comprises:

broadcasting the clock synchronization data within one or more beacon frames, wherein the clock synchroni-
zation data includes a timing synchronization function (TSF) value.

The method of claim 10, further comprising:
updating a USB frame counter based on a number of USB frames transmitted to the one or more client devices.

A computer-readable storage medium containing program instructions that, when executed by a processor provided
within a universal serial bus, USB, device, causes the USB device to perform the method according to any of claims
1to 12.

A universal serial bus, USB, device, comprising:

means for receiving one or more USB frames from a host device (210) via a network,

wherein the one or more USB frames are encapsulated in one or more data packets based on a communications
protocol associated with the network;

means for synchronizing a local clock signal of the USB device with a clock signal of the host device using a
clock synchronization mechanism of the communications protocol;

means for determining a number of USB frames transmitted by the host device based, at least in part, on the
synchronized local clock signal; and

means for processing the one or more USB frames based, at least in part, on the number of USB frames
transmitted by the host device.

A computing device, comprising:
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means for encapsulating one or more universal serial bus, USB, frames in one or more data packets based on
a communications protocol associated with a network;

means for transmitting the one or more data packets, including the one or more encapsulated USB frames, to
one or more client devices (220) via the network; and

means for transmitting a set of synchronization data, to the one or more client devices via the wireless network,
that allows the one or more client devices to process the one or more USB frames, wherein the set of synchro-
nization data includes clock synchronization data that allows the one or more client devices to synchronize
respective local clock signals with a clock signal of the computing device.

16. The method of claim 10, further comprising:

transmitting a processing request to the one or more client devices, wherein the processing request includes
an instruction to begin processing the one or more USB frames.

Patentanspriiche

1. Ein Verfahren (500) zum Betreiben einer USB-Einrichtung (USB = universal serial bus bzw. universeller, serieller
Bus) auf einem Netzwerk, wobei das Verfahren Folgendes aufweist:

Empfangen (501) eines oder mehrerer USB-Rahmen von einer Host-Einrichtung (210) Gber ein Netzwerk, wobei
der eine oder die mehreren USB-Rahmen in ein oder mehrere Datenpakete eingekapselt sind, und zwar ba-
sierend auf einem Kommunikationsprotokoll, das mit dem Netzwerk assoziiert ist;

gekennzeichnet durch

Synchronisieren (502) eines lokalen Taktsignals der USB-Einrichtung mit einem Taktsignal der Host-Einrichtung
unter Verwendung eines Taktsynchronisierungsmechanismus des Kommunikationsprotokolls;

Bestimmen (503) einer Anzahl von USB-Rahmen, die an die Host-Einrichtung gesendet werden basierend
wenigstens teilweise auf dem synchronisierten lokalen Taktsignal; und

Verarbeiten (504) des einen oder der mehreren USB-Rahmen basierend wenigstens teilweise auf der Anzahl
von USB-Rahmen, die an die Host-Einrichtung gesendet werden.

2. Verfahren nach Anspruch 1, wobei das Kommunikationsprotokoll einem IEEE-802.11-Drahtlosprotokoll entspricht.

3. Verfahren nach Anspruch 1, wobei das Synchronisieren des lokalen Taktsignals Folgendes aufweist:

Empfangen eines oder mehrere Beacon-Rahmen von der Host-Einrichtung, wobei wenigstens einer der Beacon-
Rahmen einen Timingsynchronisierungsfunktions- bzw. TSF-Wert (TSF = timing synchronization function) auf-
weist; und

Einstellen des lokalen Taktsignals basierend auf dem empfangenen TSF-Wert.

4. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:

Speichern des einen oder der mehreren USB-Rahmen in einem Datenpuffer.

5. Verfahren nach Anspruch 4, wobei das Bestimmen der Anzahl von USB-Rahmen, die durch die Host-Einrichtung
gesendet werden, Folgendes aufweist:

Aktualisieren eines lokalen Rahmenzahlers basierend wenigstens teilweise auf einer Anzahl der USB-Rahmen,
die in dem Datenpuffer gespeichert sind; und

Bestimmen der Anzahl von USB-Rahmen, die durch die Host-Einrichtung gesendet werden, basierend auf dem
lokalen Rahmenzahler.

6. Verfahren nach Anspruch 5, das weiter Folgendes aufweist:
Empfangen eines Rahmenzahlungswertes von der Host-Einrichtung, wobei der Rahmenzahlungswert die An-
zahl von USB-Rahmen anzeigt, die durch die Host-Einrichtung gesendet werden; und

Empfangen eines Medienzeitwertes von der Host-Einrichtung, wobei der Medienzeitwertes eine Zeit anzeigt,
zu der der Rahmenzahlungswert aufgezeichnet wird.
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Verfahren nach Anspruch 6, wobei der Rahmenzahlungswert und der Medienzeitwert zusammen in wenigstens
einem der USB-Rahmen empfangen werden.

Verfahren nach Anspruch 6, wobei das Bestimmen der Anzahl von USB-Rahmen, die durch die Host-Einrichtung
gesendet werden, weiter Folgendes aufweist:

Synchronisieren des lokalen Rahmenzahlers mit einem USB-Rahmenzahler in der Host-Einrichtung basierend
wenigstens teilweise auf dem lokalen Taktsignal, dem Rahmenzahlungswert und dem Medienzeitwert.

Verfahren nach Anspruch 8, wobei das Verarbeiten der ein oder mehreren USB-Rahmen Folgendes aufweist:

Verarbeiten der ein oder mehreren USB-Rahmen, wenn der lokale Rahmenzéhler einen ersten Schwellenwert
erreicht.

Ein Verfahren (600) zum Betreiben einer Rechnereinrichtung auf einem Netzwerk, wobei das Verfahren Folgendes
aufweist:

Einkapseln (601) eines oder mehrerer USB-Rahmen (USB = universal serial bus bzw. universeller serieller
Bus) in ein oder mehrere Datenpakete basierend auf einem Kommunikationsprotokoll, das mit dem Netzwerk
assoziiert ist;

Senden (602) der ein oder mehreren Datenpakete, die den einen oder die mehreren eingekapselten USB-
Rahmen aufweisen, an die eine oder die mehreren Client-Einrichtungen (220) tiber das Netzwerk; und
Senden (603) eines Satzes von Synchronisierungsdaten an die eine oder die mehreren Client-Einrichtungen,
der es der einen oder den mehreren Client-Einrichtungen gestattet, den einen oder die mehreren USB-Rahmen
zu verarbeiten, wobei der Satz von Synchronisierungsdaten Taktsynchronisierungsdaten aufweist, die es der
einen oder den mehreren Client-Einrichtungen gestatten, entsprechende lokale Taktsignale mit einem Taktsi-
gnal der Rechnereinrichtung zu synchronisieren.

Verfahren nach Anspruch 10, wobei das Senden der Taktsynchronisierungsdaten Folgendes aufweist:

Broadcasten der Taktsynchronisierungsdaten mit einem oder mehreren Beacon-Rahmen, wobei die Taktsyn-
chronisierungsdaten einen Timingssynchronisierungsfunktions- bzw. TSF-Wert (TSF = timing synchronization
function) aufweisen.

Verfahren nach Anspruch 10, das weiter Folgendes aufweist:

Aktualisieren eines USB-Rahmenzahlers basierend auf einer Anzahl von USB-Rahmen, die an die eine oder
die mehreren Client-Einrichtungen gesendet werden.

Ein computerlesbares Speichermedium, das Programminstruktionen enthalt, die, wenn sie durch einen Prozessor
ausgefiihrt werden, der in einer USB-Einrichtung (USB = universal serial bus bzw. universeller serieller Bus) vor-
gesehen ist, die USB-Einrichtung veranlassen, das Verfahren nach einem der Anspriiche 1 bis 12 auszufiihren.

Eine USB-Einrichtung (USB = universal serial bus bzw. universeller serieller Bus), die Folgendes aufweist:

Mittel zum Empfangen eines oder mehrerer USB-Rahmen von einer Host-Einrichtung (210) tiber ein Netzwerk,
wobei der eine oder die mehreren USB-Rahmen in ein oder mehrere Datenpakete eingekapselt sind, und zwar
basierend auf einem Kommunikationsprotokoll, das mit dem Netzwerk assoziiert ist;

Mittel zum Synchronisieren eines lokalen Taktsignals der USB-Einrichtung mit einem Taktsignal der Host-
Einrichtung unter Verwendung eines Taktsynchronisierungsmechanismus des Kommunikationsprotokolls;
Mittel zum Bestimmen einer Anzahl von USB-Rahmen, die an die Host-Einrichtung gesendet werden basierend
wenigstens teilweise auf dem synchronisierten lokalen Taktsignal; und

Mittel zum Verarbeiten des einen oder der mehreren USB-Rahmen basierend wenigstens teilweise auf der
Anzahl von USB-Rahmen, die an die Host-Einrichtung gesendet werden.

15. Eine Rechnereinrichtung, die Folgendes auf:

Mittel zum Einkapseln eines oder mehrerer USB-Rahmen (USB = universal serial bus bzw. universeller serieller
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Bus) in ein oder mehrere Datenpakete basierend auf einem Kommunikationsprotokoll, das mit einem Netzwerk
assoziiert ist;

Mittel zum Senden der ein oder mehreren Datenpakete, die den einen oder die mehreren eingekapselten USB-
Rahmen aufweisen, an die eine oder die mehreren Client-Einrichtungen (220) tber das Netzwerk; und

Mittel zum Senden eines Satzes von Synchronisierungsdaten an die eine oder die mehreren Client-Einrichtun-
gen Uber das Drahtlosnetzwerk, was es der einen oder den mehreren Client-Einrichtungen gestattet, den einen
oder die mehreren USB-Rahmen zu verarbeiten, wobei der Satz von Synchronisierungsdaten Taktsynchroni-
sierungsdaten aufweist, die es der einen oder den mehreren Client-Einrichtungen gestatten, entsprechende
lokale Taktsignale mit einem Taktsignal der Rechnereinrichtung zu synchronisieren.

16. Verfahren nach Anspruch 10, das weiter Folgendes aufweist:

Senden einer Verarbeitungsanfrage an die eine oder die mehreren Client-Einrichtungen, wobei die Verarbei-
tungsanfrage eine Instruktion bzw. einen Befehl aufweist, eine Verarbeitung der ein oder mehreren USB-Rah-
men zu beginnen.

Revendications

Procédé (500) d’exploitation d’'un dispositif de bus série universel, USB, sur un réseau, le procédé comprenant
I'étape ci-dessous consistant a :

recevoir (501) une ou plusieurs trames de bus USB en provenance d’un dispositif hdte (210) par I'intermédiaire
du réseau, dans lequel ladite une ou lesdites plusieurs trames de bus USB sont encapsulées dans un ou
plusieurs paquets de données sur la base d’un protocole de communication associé au réseau ; caractérisé
par les étapes ci-dessous consistant a :

synchroniser (502) un signal d’horloge local du dispositif de bus USB avec un signal d’horloge du dispositif
héte, en faisant appel a un mécanisme de synchronisation d’horloge du protocole de communication ;
déterminer (503) un nombre de trames de bus USB transmises par le dispositif héte, sur la base, au moins
en partie, du signal d’horloge local synchronisé ; et

traiter (504) ladite une ou lesdites plusieurs trames de bus USB sur la base, au moins en partie, du nombre
de trames de bus USB transmises par le dispositif hote.

Procédeé selon la revendication 1, dans lequel le protocole de communication correspond a un protocole sans fil
IEEE 802.11.

Procédé selon la revendication 1, dans lequel I'étape de synchronisation du signal d’horloge local comprend les
étapes ci-dessous consistant a :

recevoir une ou plusieurs trames de balise en provenance du dispositif héte, dans lequel au moins I'une des
trames de balise inclut une valeur de fonction de synchronisation de temporisation, TSF ; et
ajuster le signal d’horloge local sur la base de la valeur de fonction TSF regue.

Procédé selon la revendication 1, comprenant en outre I'étape ci-dessous consistant a :

stocker ladite une ou lesdites plusieurs trames de bus USB dans une mémoire tampon de données.

Procédé selon larevendication 4, dans lequel I'étape de détermination du nombre de trames de bus USB transmises
par le dispositif héte comprend les étapes ci-dessous consistant a :

mettre a jour un compteur de trames local sur la base, au moins en partie, d'un nombre des trames de bus USB
stockées dans la mémoire tampon de données ; et

déterminer le nombre de trames de bus USB transmises par le dispositif hdte surla base du compteur de trames
local.

Procédé selon la revendication 5, comprenant en outre les étapes ci-dessous consistant a :
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recevoir une valeur de comptage de trames en provenance du dispositif hote, dans laquelle la valeurde comptage
de trames indique le nombre de trames de bus USB transmises par le dispositif hote ; et

recevoir une valeur de temps de média en provenance du dispositif hote, dans lequel la valeur de temps de
média indique un instant auquel la valeur de comptage de trames est enregistrée.

Procédé selon la revendication 6, dans lequel la valeur de comptage de trames et la valeur de temps de média sont
regues de concert dans au moins 'une des trames de bus USB.

Procédé selon larevendication 6, dans lequel I'étape de détermination du nombre de trames de bus USB transmises
par le dispositif hote comprend en outre I'étape ci-dessous consistant a :

synchroniser le compteur de trames local avec un compteur de trames de bus USB dans le dispositif hote, sur
la base, au moins en partie, du signal d’horloge local, de la valeur de comptage de trames et de la valeur de
temps de média.

Procédé selon la revendication 8, dans lequel I'étape de traitement de ladite une ou desdites plusieurs trames de
bus USB comprend I'étape ci-dessous consistant a :

traiter ladite une ou lesdites plusieurs trames de bus USB lorsque le compteur de trames local atteint un premier
seuil.

Procédé (600) d’exploitation d’un dispositif informatique sur un réseau, le procédé comprenant les étapes ci-dessous
consistant a :

encapsuler (601) une ou plusieurs trames de bus série universel, USB, dans un ou plusieurs paquets de
données, sur la base d’un protocole de communication associé au réseau ;

transmettre (602) ledit un ou lesdits plusieurs paquets de données, en incluant ladite une ou lesdites plusieurs
trames de bus USB encapsulées, a un ou plusieurs dispositifs clients (220) par I'intermédiaire du réseau ; et
transmettre (603) un ensemble de données de synchronisation, audit un ou auxdits plusieurs dispositifs clients,
qui permet audit un ou auxdits plusieurs dispositifs clients de traiter ladite une ou lesdites plusieurs trames de
bus USB, dans lequel 'ensemble de données de synchronisation inclut des données de synchronisation d’hor-
loge qui permettent audit un ou auxdits plusieurs dispositifs clients de synchroniser des signaux d’horloge locaux
respectifs avec un signal d’horloge du dispositif informatique.

Procédé selon la revendication 10, dans lequel I'étape de transmission des données de synchronisation d’horloge
comprend I'étape ci-dessous consistant a :

diffuser les données de synchronisation d’horloge au sein d’'une ou plusieurs trames de balise, dans lequel les
données de synchronisation d’horloge incluent une valeur de fonction de synchronisation de temporisation
(TSF).

Procédé selon la revendication 10, comprenant en outre I'étape ci-dessous consistant a :

mettre a jour un compteur de trames de bus USB sur la base d’'un nombre de trames de bus USB transmises
audit un ou auxdits plusieurs dispositifs clients.

Support de stockage lisible par ordinateur contenant des instructions de programme qui, lorsqu’elles sont exécutées
par un processeur fourni dans un dispositif de bus série universel, USB, amene le dispositif de bus USB a mettre
en oeuvre le procédé selon I'une quelconque des revendications 1 a 12.

Dispositif de bus série universel, USB, comprenant :

un moyen pour recevoir une ou plusieurs trames de bus USB en provenance d’un dispositif héte (210) par
lintermédiaire du réseau, dans lequel ladite une ou lesdites plusieurs trames de bus USB sont encapsulées
dans un ou plusieurs paquets de données sur la base d’'un protocole de communication associé au réseau ;

un moyen pour synchroniser un signal d’horloge local du dispositif de bus USB avec un signal d’horloge du
dispositif hdte, en faisant appel a un mécanisme de synchronisation d’horloge du protocole de communication ;
un moyen pour déterminer un nombre de trames de bus USB transmises par le dispositif hote, sur la base, au
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moins en partie, du signal d’horloge local synchronisé ; et
un moyen pour traiter ladite une ou lesdites plusieurs trames de bus USB sur la base, au moins en partie, du
nombre de trames de bus USB transmises par le dispositif hote.

15. Dispositif informatique, comprenant :

un moyen pour encapsuler une ou plusieurs trames de bus série universel, USB, dans un ou plusieurs paquets
de données, sur la base d’'un protocole de communication associé a un réseau ;

un moyen pour transmettre ledit un ou lesdits plusieurs paquets de données, en incluant ladite une ou lesdites
plusieurs trames de bus USB encapsulées, a un ou plusieurs dispositifs clients (220) par l'intermédiaire du
réseau ; et

un moyen pour transmettre un ensemble de données de synchronisation, audit un ou auxdits plusieurs dispositifs
clients via le réseau sans fil, qui permet audit un ou auxdits plusieurs dispositifs clients de traiter ladite une ou
lesdites plusieurs trames de bus USB, dans lequel 'ensemble de données de synchronisation inclutdes données
de synchronisation d’horloge qui permettent audit un ou auxdits plusieurs dispositifs clients de synchroniser
des signaux d’horloge locaux respectifs avec un signal d’horloge du dispositif informatique.

16. Procédé selon la revendication 10, comprenant en outre I'étape ci-dessous consistant a :
transmettre une demande de traitement audit un ou auxdits plusieurs dispositifs clients, dans lequel la demande

de traitement inclut une instruction pour initier le traitement de ladite une ou desdites plusieurs trames de bus
USB.
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